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DENDRITIC CELL HYBRIDS 

Cross Reference to Related Application 
5 Under 35 USC §119(e)(l), this application claims 

the benefit of prior U.S. provisional application serial 
no. 60/043,609, filed April 15, 1997. 

Field of the Invention 
The invention relates to cellular immunology. 

10 Background of the Invention 

Dendritic cells ("DC"s) are potent antigen- 
presenting cells ("APC"s) in the immune system. It has 
been shown that DCs provide all the signals required for 
T cell activation and proliferation. These signals can 

15 be categorized into two types. The first type, which 
gives specificity to the immune response, is mediated 
through interaction between the T-cell receptor /CD 3 
("TCR/CD3") complex and an antigenic peptide presented by 
a major histocompatibility complex ("MHC") class I or II 

20 protein on the surface of APCs. This interaction is 
necessary, but not sufficient, for T cell activation to 
occur. In fact, without the second type of signals, the 
first type of signals can result in T cell anergy. The 
second type of signals, called costimulatory signals, is 

25 neither antigen- specific nor MHC-restricted, and can lead 
to a full proliferation response of T cells and induction 
of T cell effector functions in the presence of the first 
type of signals. 

Costimulatory signals are generated by interaction 

3 0 between receptor-ligand pairs expressed on the surface of 
APCs and T cells. One exemplary receptor-ligand pair is 
one of the B7 costimulatory molecules on the surface of 
DCs and its counter-receptor CD28 or CTLA-4 on T cells 
(Freeman et al., Science 262: 909-911, 1993; Young et 
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al. , J. Clin. Invest. 90: 229, 1992; Nabavi et al., 

Nature 360: 266, 1992). 

DCs are minor constituents of various immune 

organs such as spleen, thymus, lymph node, epidermis, and 
5 peripheral blood. For instance, DCs represent merely 

about 1% of crude spleen (Steinman et al., J. Exp. Med. 

149: 1, 1979) or epidermal cell suspensions (Schuler et 

al., J. Exp. Med. 161: 526, 1985; and Romani et al., J. 

Invest. Dermatol. 93: 600, 1989), and 0.1-1% of 
10 mononuclear cells in peripheral blood (Freudenthal et 

al., Proc. Natl. Acad. Sci. USA 87: 7698, 1990). Methods 

for generating dendritic cells from peripheral blood or 

bone marrow progenitors have been described (Inaba et 

al., J. Exp. Med. 175: 1157, 1992; Inaba et al., J. Exp. 
15 Med. 176: 1693-1702, 1992; Romani et al. , J. Exp. Med. 

180: 83-93, 1994; and Sallusto et al., J. Exp. Med. 179: 

1109-1118, 1994). 

Summary of the Invention 
The invention features compositions for 

20 stimulating an immune system. These compositions each 
contain a plurality of cells at least half of which 
(e.g., more than 70-80%) are fused cells, each of which 
fused cells is generated by fusion between at least one 
mammalian dendritic cell (e.g., a DC derived from a bone 

25 marrow culture or a peripheral blood cell culture) and at 
least one mammalian non-dendritic cell (e.g., a cancer 
cell or a transfected cell) that expresses a cell-surface 
antigen (e.g., a cancer antigen). By "cancer antigen" is 
meant an antigenic molecule that is expressed primarily 

30 or entirely by cancer cells, as opposed to normal cells 
in an individual bearing the cancer. At least half 
(e.g., at least 70%, and preferably at least 80%) of the 
fused cells in the compositions express, in an amount 
effective to stimulate an immune system (e.g., to 
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activate T cells), MHC class II molecules, B7, and the 
cell-surface antigen. By "B7" is meant any member (e.g., 
B7-1 or B7-2) of the B7 family of costimulatory 
molecules. 

5 The parental cells used to generate the fused 

cells can be obtained from a single individual (e.g., a 
human, a mouse, or a rat) . They can also be obtained 
from different individuals of the same species (e.g., 
homo sapiens) , with matching or non-matching MHC 

10 molecules. 

Also embraced by the invention are methods of 
producing fused cells. In these methods, mammalian 
dendritic cells are fused with mammalian non-dendritic 
cells expressing a cell-surface antigen in the presence 

15 of a fusion agent (e.g., polyethylene glycol or Sendai 
virus) . After culturing the post-fusion cell mixture in 
a medium (which optionally contains hypoxanthine, 
aminopterin and thymidine) for a period of time (e.g., 5- 
12 days), the cultured fused cells are separated from 

20 unfused parental non-dendritic cells, based on the 

different adherence properties of the two cell groups. 
The unfused parental dendritic cells do not proliferate, 
and so die off. Even if they remain present in the 
therapeutic composition, they will not interfere with the 

25 effects of the fused cells. The isolated fused cells, 
which typically express (a) MHC class II protein, (b) B7, 
and (c) the cell-surface antigen on the non-dendritic 
parental cells, are useful for stimulating an immune 
system . 

30 The invention also provides methods of maintaining 

the DC phenotype of a fused cell by re-fusing it with at 
least one additional mammalian dendritic cell. The re- 
fused cells express MHC class II molecules, B7, and the 
cell-surface antigen of the dendritic parental cells, and 

35 are useful for stimulating an immune system. 
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The compositions of the invention can be 
administered to an individual (e.g. , a human) to 
stimulate the individual's immune system. - This 
individual may need an immune stimulation due to 
5 infection, or susceptibility to infection, with an 
intracellular pathogen; cancer; or predisposition to 
develop cancer. The DCs used to generate fused cells can 
be obtained from this individual. If this individual has 
cancer, the individual's own cancer cells can be used for 

10 fusion with his or her own DCs to generate fused cells, 
which are then administered to the individual. 

Stimulation of the immune system with DC fusion 
cells results in enhancement of the individual's immunity 
against a disease condition characterized by abnormal 

15 expression of a cell surface antigen that is also present 
on the parental non-dendritic partners of the fusion 
cells. Abnormal expression means that the cell surface 
antigen (i) is not expressed in normal tissue, (ii) is 
expressed at a much higher level in diseased cells of a 

20 given tissue type than in normal tissue of the same type, 
or (iii) is modified (e.g., phosphorylated) differently 
in diseased cells of a given tissue type than in normal 
cells of the same type. Enhancement of immunity entails 
enhancement of the immune system's cell-mediated or 

25 humoral functions, or both. 

Unless otherwise defined, all technical and 
scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
to which this invention belongs. Exemplary methods and 

30 materials are described below, although methods and 

materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention. All publications and other references 
mentioned herein are incorporated by reference in their 

35 entirety. In case of conflict, the present 
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specification, including definitions, will control. The 
materials, methods, and examples are illustrative only 
and not intended to be limiting. 

Other features and advantages of the invention 
5 will be apparent from the following drawings, detailed 
description, and from the claims. 

Brief Description of the Drawings 
Fig. 1A is a graph showing the results of flow 
cytometric analysis of the indicated antigens on the 
10 surface of DCs (DC) , MC38 cells (MC38/MUC1) and fused 

cells generated by fusion between DCs and MC38/MUC1 cells 
(FC/MUC1) . 

Fig. IB is a graph showing tumor incidence in 
female C57BL/6 mice (10 per group) injected 
15 subcutaneous ly with 

2 X 10 5 MC38/MUC1 cells (O) , 2 X 10 6 DCs mixed with 2 x 
10 5 MC38/MUC1 cells (A) , 2 x 10 5 FC/MUC1 cells (•) , or 5 x 
10 5 FC/MUC1 cells (■) . Tumor incidence (> 3mm in 
diameter) was monitored at the indicated days after 

20 injection. Similar results were obtained in three 
separate experiments. 

Fig. 1C is a graph showing [ 3 H] -thymidine 
incorporation in mixed leukocyte reactions. DCs (O) , 
MC38/MUC1 cells (•) , and FC/MUC1 cells (A) were 

25 irradiated (30 Gy) and added at the indicated ratios to 1 
x 10 5 allogeneic Balb/c T cells. [ 3 H] -Thymidine uptake at 
6 h of incubation is expressed as the mean ± s.e.m. of 
three determinations. Similar results were obtained in 
three separate experiments. 

30 Fig. 2A is a graph showing induction of anti-tumor 

activity by FC/MUC1 in the form of percent tumor 
incidence. Groups of 10 mice were injected 
subcutaneous ly twice at 14-day intervals 3 x 10 5 DC (O) , 

3 x 10 5 FC/MUCl (•) , or PBS (□) . After 14 days, the mice 
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were challenged subcutaneous ly with 2.5 x 10 5 MC38/MUC1 
cells. Tumors >3 mm in diameter were scored as positive. 
Similar results were obtained in three separate 
experiments. 

5 Fig. 2B is a graph showing induction of anti-tumor 

activity by FC/MUC1 in the form of cytotoxicity. Mice 
injected twice with DC (0) , FC/MUC1 (•) or PBS (□) were 
challenged with 2.5 x 10 5 MC38/MUC1 tumor cells. 
Splenocytes were isolated at 20 days after challenge and 

10 incubated at the indicated effector: target ratios with 
MC38/MUC1 target cells. Cytotoxic T lymphocyte ("CTL") 
activity (mean ± s.e.m.) was determined by the 4-h LDH 
release assay. Similar results were obtained in three 
separate experiments. 

15 Fig. 2C is a graph showing induction of anti-tumor 

activity by FC/MUC1 in the form of percent tumor 
incidence. Mice (8 per group) were injected 
intravenously and intraperitoneally every other day with 
mAbs against CD4 + (□) and CD8 + (•) cells beginning 4 days 

20 before the first of two immunizations with FC/MUC1 and 
continuing until 4 days before challenge with 5 x 10 5 
MC3 8/MUC1 cells. Rat IgG (O) was injected as a control. 
Tumors of >3 mm were scored as positive. Similar results 
were obtained in two separate experiments. 

25 Fig. 2D is a line graph showing induction of anti- 

tumor activity by FC/MUC1 in the form of cytotoxicity. 
Mice were treated as above with mAbs against CD4 + (□) and 
CD8 + (•) , rat IG (O) , immunized with FC/MUC1 and then 
challenged with MC38/MUC1 cells. Splenocytes were 

30 harvested at 20 days after tumor challenge and incubated 
with MC38/MUC1 cells. CTL activity (mean ± s.e.m.) was 
determined by the 4-h LDH release assay. Similar results 
were obtained in three separate experiments. 

Fig. 3A is a graph showing prevention of MC38/MUC1 

35 pulmonary metastases after immunization with FC/MUC1. 
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Groups of 10 mice were injected twice with FC/MUC1 cells 
or PBS and then challenged after 14 days with intravenous 
administration of 1 x 10 6 MC38/MUC1 cells-. The mice were 
sacrificed 28 days after challenge. Pulmonary metastases 
5 were enumerated after staining the lungs with India ink 
(Wexler, J. Natl. Cancer Inst. 36: 641-643, 1966). 

Fig. 3B is a graph showing treatment of MC38/MUC1 
pulmonary metastases after immunization with FC/MUC1. 
Groups of 10 mice were injected intravenously with 1 x 

10 10 6 MC38/MUC1 cells or MC38 cells. The mice were 

immunized with 1 x 10 6 FC/MUC1 or FC/MC38 at 4 and 18 
days after tumor challenge and then sacrificed after an 
additional 10 days. Pulmonary metastases were enumerated 
for each mouse. Similar results were obtained in two 

15 separate experiments (10/10 mice treated with FC/MUC1 had 
no pulmonary metastases in the second experiment) . 

Detailed Description of the Invention 
The invention features (1) immune system- 
stimulating compositions that contain fused cells formed 
20 by fusion between DCs and non-dendritic cells; (2) 
methods of stimulating an immune system with the 
compositions; and (3) methods of generating the fused 
cells. 

DCs can be obtained from bone marrow cultures, 
25 peripheral blood, spleen, or other appropriate tissue of 
a mammal using protocols known in the art. Bone marrow 
contains DC progenitors, which, upon treatment with 
cytokines such as granulocyte-macrophage colony- 
stimulating factor ("GM-CSF") and inter leukin 4 ("IL-4"), 
3 0 proliferate and differentiate into DCs. DCs so obtained 
are relatively immature (as compared to, for instance, 
spleen DCs) . As discovered by Applicants, these immature 
DCs are more amenable to fusion than the more mature DCs 
found in spleen. Peripheral blood also contains 
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relatively immature DCs or DC progenitors, which can 
propagate and differentiate in the presence of 
appropriate cytokines such as GM-CSF and which can also 
be used in fusion . 
5 The non-dendritic cells used in the invention can 

be derived from any tissue or cancer by well known 
methods and can be immortalized. Non-dendritic cells 
expressing a cell-surface antigen of interest can be 
generated by transfecting the non-dendritic cells of a 

10 desired type with a nucleic acid molecule that encodes a 
polypeptide comprising the antigen. Exemplary cell- 
surface antigens are MUC1, a-f etoprotein, y-f etoprotein, 
care inoembr yon ic antigen, fetal sulf ©glycoprotein 
antigen, a 2 H-ferroprotein, placental alkaline 

15 phosphatase, and leukemia-associated membrane antigen. 
Methods for transfection and identifying antigens are 
well known in the art. 

Fusion between the DCs and the non-dendritic cells 
can be carried out with well-known methods such as those 

20 using polyethylene glycol ("PEG") or Sendai virus. The 
ratio of DCs to non-dendritic cells in fusion can vary 
from 1:100 to 1000:1, with a ratio higher than 1:1 being 
preferred where the non-dendritic cells proliferate 
heavily in culture. After fusion, unfused DCs usually 

25 die off in a few days in culture, and the fused cells can 
be separated from the unfused parental non-dendritic 
cells by the following two methods, both of which yield 
fused cells of approximately 50% or higher purity, i.e., 
the fused cell preparations contain less than 50%, and 

30 often less than 30%, unfused cells. 

If the non-dendritic cells die or at least fail to 
proliferate in the presence of a given reagent and this 
sensitivity can be overcome by the fusion with DCs, the 
post-fusion cell mixtures containing the fused as well as 

35 the parental cells may be incubated in a medium 
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containing this reagent for a period of time sufficient 
to eliminate most of the unfused cells. For instance, a 
number of tumor cell lines are sensitive ±o HAT due to 
lack of functional hypoxanthine-guanine phosphoribosyl 
5 transferase ("HGPRT") . Fused cells formed by DCs and 
these tumor cell lines become resistant to HAT, as the 
DCs contribute functional HGPRT. Thus, a HAT selection 
can be performed after fusion to eliminate unfused 
parental cells. Contrary to standard HAT selection 

10 techniques, the HAT selection generally should not last 
for more than 12 days, since Applicants find that lengthy 
culturing leads to loss of MHC class II protein and/or B7 
costimulatory molecules on the fused cells. 

The second method of separating unfused cells from 

15 fused cells is based on the different adherence 

properties between the fused cells and the non-dendritic 
parental cells. It has been found that the fused cells 
are generally lightly adherent to tissue culture 
containers. Thus, if the non-dendritic parental cells 

20 are much more adherent, e.g., in the case of carcinoma 
cells, the post-fusion cell mixtures can be cultured in 
an appropriate medium (HAT is not needed but may be added 
if it slows the growth of unfused cells) for a short 
period of time (e.g., 5-10 days). Subsequently, the 

25 fused cells can be gently dislodged and aspirated off, 
while the unfused cells grow firmly attached to the 
tissue culture containers. Conversely, if the non- 
dendritic parental cells grow in suspension, after the 
culture period, they can be gently aspirated off while 

30 leaving the fused cells loosely attached to the 

containers. Fused cells obtained by the above- 

described methods typically retain the phenotypic 
characteristics of DCs. For instance, these fused cells 
express T-cell stimulating molecules such as MHC class II 

35 protein, B7-1, B7-2, and adhesion molecules 
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characteristic of APCs such as ICAM-1. The fused cells 
also continue to express cell-surface antigens of the 
parental non-dendritic cells, and are therefore useful 
for inducing immunity against the cell-surface antigens. 
5 Notably, when the non-dendritic fusion partner is a tumor 
cell, the tumor igenicity of the fused cell is often found 
to be attenuated in comparison to the parental tumor 
cell. 

In the event that the fused cells lose certain DC 

10 characteristics such as expression of the APC-specific T- 
cell stimulating molecules, they (i.e., primary fused 
cells) can be refused with dendritic cells to restore the 
DC phenotype. The refused cells (i.e., secondary fused 
cells) are found to be highly potent APCs, and in some 

15 cases, have even less tumorigenicity than primary fused 
cells. The fused cells can be refused with the dendritic 
or non-dendritic parental cells as many times as desired. 

Fused cells that express MHC class II molecules, 
B7, or other desired T-cell stimulating molecules can 

20 also be selected by panning or fluorescence-activated 
cell sorting with antibodies against these molecules. 

The fused cells of the invention can be used to 
stimulate the immune system of a mammal for treatment or 
prophylaxis of a disease. For instance, to treat a tumor 

25 (primary or metastatic) in a human, a composition 

containing fused cells formed by his own DCs and tumor 
cells can be administered to him, e.g., at a site near 
the lymphoid tissue. The composition may be given 
multiple times (e.g., three to five times) at an 

30 appropriate interval (e.g. , every two to three weeks) and 
dosage (e.g., approximately 10 5 -10 8 , e.g., about 0.5 X 10 6 
to 1 X 10 6 , fused cells per administration) . For 
prophylaxis (i.e., vaccination) against cancer, non- 
syngeneic fused cells such as those formed by syngeneic 

35 DCs and allogeneic or xenogeneic cancer cells, or by 
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allogeneic DCs and cancer cells, can be administered- To 
monitor the effect of vaccination, cytotoxic T 
lymphocytes obtained from the treated individual can be 
tested for their potency against cancer cells in 
5 cytotoxic assays. Multiple boosts may be needed to 
enhance the potency of the cytotoxic T lymphocytes. 
Example I below demonstrates that fusion cells formed by 
tumor cells and syngeneic DCs can prevent and treat 
tumors in animal models. Example III further 

10 demonstrates that such fusion cells may even activate 
anergized T cells that are specific for tumor antigens. 

Cells infected with an intracellular pathogen can 
also be used as the non-dendritic partner of the fusion 
for treatment of the disease caused by that pathogen. 

15 Examples of pathogens include, but are not limited to, 
viruses (e.g. , human immunodeficiency virus, hepatitis A, 
B, or C virus, papilloma virus, herpes virus, or measles 
virus), bacteria (e.g., Corynejbacteriujn diphtheria, 
Bordetella pertussis) , and intracellular eukaryotic 

20 parasites (e.g., Plasmodium spp., Schistosoma spp., 
Leishmania spp., Trypanosoma spp., or Mycobacterium 
lepre) . Compositions containing the appropriate fused 
cells are administered to an individual (e.g., a human) 
in a regimen determined as appropriate by a person 

25 skilled in the art. For example, the composition may be 
given multiple times (e.g., three to five times) at an 
appropriate interval (e.g., every two to three weeks) and 
dosage (e.g., approximately 10 5 -10 8 , and preferably about 
10 7 fused cells per administration) . 

30 Alternatively, non-dendritic cells transfected 

with one or more nucleic acid constructs each of which 
encodes one or more identified cancer antigens or 
antigens from a pathogen can be used as the non-dendritic 
partner in fusion. These antigens need not be expressed 

35 on the surface of the cancer cells or pathogens, so long 
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as the antigens can be presented by a MHC class I or II 
molecule on the fused cells. Fused cells generated by 
DCs and these transfected cells can be used for both 
treatment and prophylaxis of cancer or a disease caused 
5 by that pathogen. By way of example, fusion cells 

expressing MUC1 can be used to treat or prevent breast 
cancer, ovarian cancer, pancreatic cancer, prostate gland 
cancer, lung cancer, and myeloma; fusion cells expressing 
a-fetoprotein can be used to treat or prevent hepatoma or 

10 chronic hepatitis, where a-fetoprotein is often expressed 
at elevated levels; and fusion cells expressing prostate- 
specific antigen can be used to treat prostate cancer. 
Methods of transfection and identifying antigens are well 
known in the art. Administration of compositions 

15 containing the fused cells so produced is as described 
above . 

The following examples are meant to illustrate, 

but 

not limit, the compositions and methods of the invention. 

20 Example I. Fusion of Mouse 

Dendritic Cells and Non-Dendritic Cells 

Materials and Methods 

Cell culture and fusion 

Murine (C57BL/6) MC3 8 adenocarcinoma cells were 
25 stably transfected with the DF3/MUC1 cDNA to generate the 

MC38/MUC1 cell line (Siddiqui et al. , Proc. Natl. Acad. 

Sci. USA 85:2320-2323, 1988; Akagi et al., J. Immunother. 

20:38-47, 1997). MC38, MC38/MUC1 and the syngeneic MB49 

bladder cancer cells were maintained in DMEM supplemented 
30 with 10% heat-inactivated fetal calf serum ("FCS") , 2 mM 

glutamine, 100 U/ml penicillin and 100 /uj/ml 

streptomycin. 

DCs were obtained from bone marrow culture using a 

method described by Inaba et al. (J. Exp. Med. 176: 1693- 
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1702, 1992) with modifications. In brief, bone marrow 
was flushed from long bones, and red cells were lysed 
with ammonium chloride. Lymphocytes, granulocytes, and 
Ia + cells were depleted from the bone marrow cells by 
5 incubation with the following monoclonal antibodies 
("mAb"s) : 



and then complement. The unlysed cells were plated in 
15 six-well culture plates in RPMI 1640 medium supplemented 
with 5% heat- inactivated FCS, 50 /jM 2-mercaptoethanol , 1 
mM HEPES (pH 7.4), 2 mM glutamine, 10 U/ml penicillin, 10 
/ig/ml streptomycin and 500 U/ml recombinant murine GM-CSF 
(Boehringer Mannheim, Indiana) . At day 7 of culture, 
20 nonadherent and loosely adherent cells were collected and 
replated in 100-mm petri dishes (10 6 cells/ml; 8 
ml/dish) . The nonadherent cells were washed away after 
3 0 min of incubation and RPMI medium containing GM-CSF 
was added to the adherent cells. After 18 hours in 
25 culture, the nonadherent cell population was removed for 
fusion with MC38/MUC1 cells or MC38. 



50% PEG in Dulbecco's phosphate buffered saline ("PBS") 
without Ca 2+ or Mg 2+ at pH 7.4. The ratio of DCs to tumor 

30 cells in the fusion was from 15:1 to 20:1. After fusion, 
the cells were plated in 24-well culture plates in a 
medium containing HAT (Sigma) for 10-14 days. Because 
MC38 cells are not very sensitive to HAT, HAT was used to 
slow the proliferation of, rather than kill, MC38/MUC1 

35 and MC38 cells. MC3 8/MUC1 and MC38 cells grow firmly 



10 



(1) 



(2) 
(3) 
(4) 
(5) 



2.43, anti-CD8 [TIB 210; American Type 
Culture Collection (ATCC) , Rockville, MD] ; 
GK1.5, anti-CD4 (TIB 207, ATCC); 
RA3-3A1/6.1, anti B220/CD45R (TIB 146, ATCC); 
B21-2, anti-la (TIB 229, ATCC); and 
RB6-8C5, anti-Gr-1 (Pharmingen, San Diego, 
CA) ; 



Fusion was carried out by incubating cells with 
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attached to the tissue culture flask, while the fused 
cells were dislodged by gentle pipetting. 
Flow Cytometry 

Cells were washed with PBS and incubated with mAb 
5 DF3 (anti-MUCl) , mAb Ml/42/3.9.8 (anti-MHC class I), mAb 
M5/114 (anti-MHC class II), mAb 16-10A1 (anti-B7-l) , mAb 
GL1 (anti-B7-2) and MAb 3E 2 (anti-ICAM-1) for 30 min on 
ice. After washing with PBS, fluorescein isothiocyanate 
("FITC") -conjugated anti-hamster, -rat and -mouse IgG was 

10 added for another 30 min on ice. Samples were then 

washed, fixed and analyzed by FACSCAN (Becton Dickinson, 
Mount View, CA) . 
Cytotoxic T Cell Activity 

Cytotoxic T cell ("CTL") activity was determined 

15 by the release of lactate dehydrogenase ("LDH") (CytoTox, 
Promega, Madison, WI) . 
Mixed Leukocyte Reactions 

The DCs, MC38/MUC1 and FC/MUC1 cells were exposed 
to ionizing radiation (30 Gy) and added to 1 x 10 5 

20 syngeneic or allogeneic T cells in 96-well flat-bottomed 
cultured plates for 5 days. The T cells were prepared by 
passing spleen suspensions through nylon wool to deplete 
residual APCs and plated to 90 min in 100 mm tissue 
culture dishes. 3 [H] -thymidine uptake in nonadherent 

25 cells was measured at 6 h after a pulse of 1 ftCi/well 
(GBq/mmol; Du Pont -New England Nuclear, Wilmington, DE) . 
Each reaction was performed in triplicate. 
In Vivo Depletion of Immune Cell Subsets 

Mice were injected both intravenously and 

30 intraperitoneally every other day with mAb GK1.5 (anti- 
CD4), mAb 2.43 (anti-CD8) or rat IgG 4 days before the 
first of two immunizations with FC/MUC1 through 4 days 
before challenge with MC38/MUC1 cells. The splenocytes 
were harvested for flow cytometry and analysis of CTL 

35 activity. 
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Results 

Murine MC38 adenocarcinoma cells were fused to 
bone marrow-derived DCs. To demonstrate successful 
fusions, MC38 cells that stably express the DF3/MUC1 
5 tumor-associated antigen were first used (Siddiqui et 
al., Proc. Natl. Acad. Sci. USA 75: 5132-5136, 1978). 
The fusion cells (FC/MUC1) expressed DF3/MUC1, as well as 
MHC class I and II, B7-1, B7-2 and ICAM-1 (Fig.lA). 

Moreover, most of the fusion cells exhibited a DC 

10 morphology with veiled processes and dendrites. Fusions 
of MC38 cells with DCs (FC/MC38) resulted in similar 
patterns of cell-surface antigen expression with the 
exception of no detectable DF3/MUC1 antigen. Injection 
of MC38/MUC1 cells in mice resulted in the formation of 

15 subcutaneous tumors (Fig. IB) . Similar findings were 

obtained with MC38/MUC1 cells mixed with DCs (Fig. IB) or 
after mixing MC38 cells with DCs. However, the finding 
that no tumors formed in mice injected with FC/MUC1 
indicated that the fusion cells are not tumorigenic (Fig. 

20 IB) . 

Dendritic cells are potent stimulators of primary 
MLRs; Steinman et al., Proc. Natl. Acad. Sci. U.S.A. 75: 
5132-5136, 1978; van Voorhis et al., J. Exp. Med. 158: 
174-191, 1983) and induce the proliferation of allogeneic 

25 CD8 + T cells in vitro (Inaba et al., J. Exp. Med. 166: 

182-194, 1987; Young et al., J. Exp. Med. 171: 1315-1332, 
1990) . To characterize in part the function of FC/MUC1 
cells, their effect in primary allogeneic MLRs was 
compared with the effect of DC and MC38/MUC1 cells. The 

30 results demonstrate that, like DCs, FC/MUC1 cells exhibit 
a stimulatory function in allogeneic MLR (Fig. 1C) . By 
contrast, MC38/MUC1 cells had little effect on T cell 
proliferation (Fig. 1C) . 

Mice were immunized twice with FC/MUC1 cells to 

35 assess in vivo function. Tumors developed in mice that 
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had been immunized twice with 10 6 irradiated MC38/MUC1 
cells and subsequently challenged with MC3 8/MUC1 cells 
(Table l) . In contrast, after immunization with 2.5 X 
10 5 FC/MUC1 cells, all animals remained tumor-free after 
5 challenge with MC38/MUC1 cells (Fig. 2A and Table 1). 
Control animals immunized with DCs alone or PBS and then 
challenged subcutaneously with 2.5 X 10 5 MC38 or 
MC38/MUC1 cells, however, exhibited tumor growth within 
10-20 days (Fig. 2A) . 

10 Moreover, immunization with FC/MUC1 or FC/MC38 had 

no detectable effect on growth of unrelated syngeneic 
MB49 bladder carcinoma (Table 1) . CTLs from mice 
immunized with FC/MUC1 cells induced lysis of MC38/MUC1, 
but not MB49 cells (Fig. 2B) . By contrast, CTLs from 

15 mice immunized with DCs or PBS exhibited no detectable 
lysis of the MC38/MUC1 targets (Fig. 2B) . 

To further define the effector cells responsible 
for antitumor activity, mice were injected 
intraperitoneally with antibodies against CD4 + or CD8 + 

20 cells before and after immunization with FC/MUC1. 

Depletion of the respective population by 80-90% was 
confirmed by flow cytometric analysis of splenocytes. 
The finding that injection of anti-CD4 and anti-CD8 
antibodies increases tumor incidence indicated that both 

25 CD4 + and CD8 + T cells contributed to antitumor activity 
(Fig. 2C) . Moreover, depletion of CD4 + and CD8 + T cells 
was associated with reduced lysis of MC38/MUC1 cells in 
vitro (Fig. 2D) . 
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Table 1 Potency and specificity of antitumor immunity 

induced with fusion cells 



Immunogen 


Tumor Challenge 


Animals with tumor 


a, Irradiated 


MC38/MUC1 


2/3 


MC38/MUC1 


(lxlO 6 ) 




(1X10 6 ) 








M C38/MUC1 


3/3 








b, FC/MUC1 


MC38/MUC1 


0/10 


( 2 . 5X10 5 ) 


(1X10 6 ) 






MC38/MUC1 


0/10 




(2X10 6 ) 






MB49 


6/6 




(5X10 6 ) 




c, FC/MC38 


MC38 


0/6 


(2.5X10 5 ) 


(1X10 6 ) 






MB49 


6/6 




(5X10 5 ) 





The numbers in parentheses represent cells used for immunization or 
tumor challenge 



To determine whether immunization with FC/MUC1 
cells is effective for the prevention of disseminated 

15 disease, a model of MC38/MUC1 pulmonary metastases was 
used. Immunization with FC/MUC1 intravenously or 
subcutaneous ly completely protected against intravenous 
challenge with MC38/MUC1 cells (Fig. 3A) . By contrast, 
all unimmunized mice similarly challenged with MC38/MUC1 

20 cells developed over 250 pulmonary metastases (Fig, 3 A) • 

In a treatment model, MC38/MUC1 pulmonary 
metastases were established 4 days before immunization 
with FC/MUC1. While control mice treated with vehicle 
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developed over 250 metastases, nine out of ten mice 
treated with FC/MUC1 cells had no detectable metastases 
and one mouse had fewer than 10 nodules (Fig. 3B) . Mice 
treated with FC/MC38 cells similarly had no detectable 
5 MC38 pulmonary metastases (Fig. 3B) . These findings 

indicated that FC/MUC1 immunization can be used for both 
the prevention and treatment of metastatic disease. 

Example II, Fusion of Human DCs and Myelo ma Cells 
Materials and Methods 

10 Leukocytes in buffy coats (or leukopacks) obtained 

by leukophoresis were fractionated by centrifugation in 
Ficoll. The fraction containing (peripheral blood) 
mononuclear cells was incubated in a flask containing 
RPMI 1640 supplemented with 10% fetal calf serum ("FCS") 

15 for 30 min at 37°C. Nonadherent cells were gently washed 
away [some of these non-adherent cells were also DCs. To 
collect these DCs, the cells were incubated in RPMI 1640 
supplemented with 20% FCS for 3 0 min to 1 hr. Floating 
cells were removed. The residual adherent cells were 

20 incubated in RPMI 1640 supplemented with 20% FCS for 2-3 
days. The loosely adherent cells were DCs. The 
remaining, adherent cells were incubated with RPMI 1640 
supplemented with 10% fetal calf serum overnight. 
Loosely adherent cells were subsequently collected and 

25 cultured in a medium containing GM-CSF (lOOOU/ml) and IL- 
4 (lOOU/ml) at a density of 10 6 cells/ml for 5-6 days. 
The resultant cells were the DCs used in fusion 
experiments. 

DCs were also obtained from bone marrow stem cell 
3 0 cultures. In brief, stem cells were placed in a flask 
containing RPMI 1640 supplemented with 10% FCS. After 
30 min of incubation at 37°C, nonadherent cells were 
washed away. Fresh RPMI 1640 supplemented with 10% FCS 
was added to the remaining, adherent cells. After 
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overnight incubation, loosely adherent cells were 
collected and incubated in RPMI 1640/10% FCS medium 
containing GM-CSF (lOOOU/ml) and IL-4 (lOOU/ml) for 5-6 
days. The resultant cells were DCs that were ready for 
5 use in fusion. 

Cell fusion was carried out between DCs and human 
myeloma cells MY 5 to produce fused cells DC/MY5. After 
fusion, the cells were placed in HAT selection for 10-14 
days. IL-6 was also added to the culture at 20-50 ng/ml 
10 to promote survival of DC/MY5 cells. Procedures for 

fusion were essentially the same as described in Example 
1, supra, except that the fused cells were separated from 
unfused myeloma cells based upon the higher degree of 
surface adherence exhibited by the fused cells. 

15 Results 

As shown in flow cytometry, DC/MY5 cells retained 
the phenotypic characteristics of their parental cells: 
DC/MY5 were positively stained by mAbs for HLA-DR, CD38 
(a myeloma cell-surface marker) , DF3 (a tumor cell- 
20 surface marker) , and CD83 (a DC cell-surface marker) , B7- 
1, and B7-2. MLR assays demonstrated that these fused 
cells were also potent stimulators of T cells. 

Example III. Reversal of Tolerance to Human MUC1 
Antigen in MUC1 Transgenic Mice Immunized with Fusion 
25 Cells 

Materials and Methods 

MUCl transgenic mice 

A C57B1/6 mouse strain transgenic for human MUCl 
was established as described by Rowse et al. (Cancer Res. 
30 58:315-321, 1998). 500 ng of tail DNA was amplified by 
PCR using MUCl primers corresponding to nucleotides 745 
to 765 and nucleotides 1086 to 1065, respectively, to 
confirm the presence of MUCl sequences. The PCR product 
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was detected by electrophoresis in a 1% agarose gel 
(Rowse et al., supra). 
Cell culture and fusion 

Murine (C57B1/6) MC38 and MB49 carcinoma cells 
5 were stably transfected with a MUC1 cDNA (Siddiqui et 

al., Proc. Natl. Acad. Sci. USA 85:2320-2323, 1988; Akagi 
et al., J. Immunotherapy 20: 38-47, 1997; Chen et al. , J. 
Immunol. 159:351-359, 1997). Cells were maintained in 
DMEM supplemented with 10% heat-inactivated FCS, 2 mM L- 
10 glutamine, 100 U/ml penicillin, and 100 /xg/ml 

streptomycin. DC were obtained from bone marrow culture 
and fused to the carcinoma cells as described in Example 
I, supra. 

Tn vitro T cell proliferation 

15 Single cell preparations of spleen and lymph nodes 

were suspended in RPMI medium supplemented with 10% heat- 
inactivated FCS, 50 0-mercaptoethanol, 2 mM L- 
glutamine, 100 U/ml penicillin, and 100 tig/ml 
streptomycin. The cells were stimulated with 5 U/ml 

20 purified MUC1 antigen (Sekine et al., J. Immunol. 

135:3610-3616, 1985). After 1, 3 and 5 days of culture, 
the cells were pulsed with 1 /xCi [ 3 H] thymidine per well 
for 12 hours and collected on filters with a semi- 
automatic cell harvester. Radioactivity was quantitated 

25 by liquid scintillation. 

Generation of CD8* T cell lines 

Lymph node cells ("LNC") were suspended in 
complete RPMI medium containing 5 U/ml MUC1 antigen. Ten 
U/ml murine IL-2 was added after 5 days of culture. On 

30 days 10 and 15, the cells were restimulated with 5 U/ml 
MUC1 antigen and 1:5 irradiated (30 Gy) syngeneic spleen 
cells as APCs. T cell cultures were analyzed after 
removal of dead cells by Ficoll centrifugation and 
depletion of residual APCs by passage through nylon wool. 

35 The T cells were stained with FITC-conjugated antibodies 
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against CD3e (145-2C11), CD4 (H129,19), CD8 (53-6.7), 
ajSTcR (H57-597) andySTcR (UC7-13D5) (PharMingen) . After 
incubation on ice for 1 hour, the cells were washed, 
fixed and analyzed by FACSCAN (Becton-Dickinson) . 
5 Cytotoxicity assays 

In vitro cytotoxicity was measured in a standard 
51 Cr-release assay. Briefly, cells were labeled with 51 Cr 
for 60 minutes at 37°C and then washed to remove 
unincorporated isotope. The target cells (lxlO 4 ) were 

10 added to wells of 96-well v-bottom plates and incubated 
with effector cells for 5 hours at 37°C. The 
supernatant s were assayed for 51 Cr in a gamma counter. 
Spontaneous release of 51 Cr was assessed by incubation of 
target cells in the absence of effectors, while maximum 

15 or total release of 51 Cr was determined by incubation of 
targets in 0.1% Triton-X-100. Percentage of specific 51 Cr 
release was determined by the following equation: 
percent specific release = [ (experimental- 
spontaneous) / (maximum-spontaneous) ]xl00. 

20 Humoral immune responses 

Microtiter plates were coated overnight at 4°C 
with 5 U/well purified MUC1 antigen. The wells were 
washed with PBS containing 5% horse serum albumin and 
then incubated for 1 hour with four-fold dilutions of 

25 mouse sera. After washing and incubation with goat anti- 
mouse IgG conjugated to horseradish peroxidase (Amersham 
Life Sciences) , antibody complexes were detected by 
development with o-phenylenediamine (Sigma) and 
measurement in an ELISA microplate autoreader EL310 at an 

30 OD of 490 nm. 
Immunohistoloqv 

Freshly removed tissues were frozen in liquid 
nitrogen. Tissue sections of 5 Jim in width were prepared 
in a cryostat and fixed in acetone for 10 minutes. The 

35 sections were then incubated with monoclonal antibody DF3 
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(anti MUC1) , anti-CD4 (H129,19) or anti-CD8 (53-6.7) for 
3 0 minutes at room temperature and then subjected to 
indirect immunoperoxidase staining using the VECTASTAIN 
ABC kit (Vector Laboratories) . 

5 Results 

As shown in Example l, vaccines derived from 
fusions of DC and MC38/MUC1 carcinoma cells (FC/MUC1) 
induce potent anti-tumor immunity. To assess the effects 
of vaccinating MUC1 transgenic mice with FC/MUC1, the 

10 mice were immunized twice with 5xl0 5 FC/MUC1 and, as 
controls, with 10 6 irradiated MC38/MUC1 cells or PBS. 
After challenge with 10 6 MC38 or MC38/MUC1 cells, all 
mice immunized with irradiated MC38/MUC1 cells or PBS 
developed tumors. By contrast, no tumor growth was 

15 observed in mice immunized with FC/MUC1. Immunization of 
the MUC1 transgenic mice with FC/MUC1 had no effect on 
growth of the unrelated MB49 bladder carcinoma (Chen et 
al., J. Immunol. 159:351-359, 1997). However, MB49 cells 
that express MUC1 (MB49/MUC1) failed to grow in the 

20 FC/MUCl-immunized mice. 

To extend these results, CTLs from the FC/MUCl- 
immunized mice were assayed for lysis of target cells. 
CTLs from MUC1 transgenic mice immunized with irradiated 
MC38/MUC1 cells or PBS exhibited little if any reactivity 

25 against MC38/MUC1 cells. By contrast, CTLs from the mice 
immunized with FC/MUC1 induced lysis of MC38, MC38/MUC1 
and MB49/MUC1, but not MB49, cells. As shown in wild- 
type mice (Example I, supra), immunization with FC/MUC1 
induces immunity against MUC1 and other unknown antigens 

30 on MC38 cells. Thus, the demonstration that MB49/MUC1, 
and not MB49, cells are lysed by CTLs confirms that 
FC/MUC1 induces a MUCl-specif ic response. Further, 
immunization of the MUC1 transgenic mice with FC/MUC1, 
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but not irradiated MC38/MUC1 or PBS, induced a specific 
antibody response against MUCl. 

To determine whether T cells from the MUC1 
transgenic mice can be primed to induce an anti-MUCl 
5 response, draining LNC were isolated from mice immunized 
with irradiated MC38/MUC1 cells or FC/MUC1. The LNC were 
stimulated with MUC1 antigen in vitro. The results 
demonstrate that LNC from mice immunized with PBS or 
irradiated MC38/MUC1 cells fail to proliferate in the 

10 presence of MUCl antigen. In contrast, LNC from mice 
immunized with FC/MUC1 responded to MUCl with 
proliferation. To confirm the induction of CTLs against 
MUC1, draining LNC were isolated from MUCl transgenic 
mice immunized with FC/MUC1 and cultured in the presence 

15 of MUC1 antigen and irradiated splenocytes. Cells were 
analyzed by FACSCAN at the beginning and at 10 to 15 days 
of culture. The results demonstrate the selection of a 
predominantly CD8 + T cell population after incubation 
with MUCl antigen. Unlike naive T cells from unimmunized 

20 MUCl transgenic mice, these CD8 + T cells exhibited 

specific CTL activity against MC38/MUC1 and MB49/MUC1 
targets. Collectively, the results suggest that 
immunization with FC/MUC1 reverses unresponsiveness to 
MUCl in the MUCl transgenic mice. 

25 The finding that unresponsiveness to MUCl can be 

reversed by immunization with FC/MUC1 suggested that this 
vaccine could be used to treat disseminated disease in a 
background of MUCl expression by normal epithelia. In a 
treatment model, MC38/MUC1 pulmonary metastases were 

30 established by tail vein injection of MC38/MUC1 cells 
into the MUCl transgenic mice. Whereas control mice 
treated with vehicle developed pulmonary metastases, mice 
immunized with FC/MUC1 on day 2 or 4 had no detectable 
metastases. These findings indicates that FC/MUC1 

35 immunizations can be used to treat metastatic disease in 
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the MUC1 transgenic mice. Importantly, mice protected 
against MC38/MUC1 tumor exhibited persistent expression 
of MUC1 antigen in normal bronchial epithelium and other 
tissues that express the transgene (Rowse et al. , Cancer 
5 Res, 58:315-321, 1998). Also, staining of MUCl-positive 
tissues with anti-CD4 and anti-CD8 antibodies did not 
show any T cell infiltration. 

Reversal of unresponsiveness against a self- 
antigen in adult mice has potential importance in the 

10 field of antitumor immunotherapy. The present example 
demonstrates that immunization with the DC-tumor fusion 
cells induces an immune response that is sufficient to 
achieve rejection of established metastases. Notably, 
induction of an anti-MUCl response which confers anti- 

15 tumor immunity has little, if any, effect on normal 

secretory epithelia that express MUC1 at apical borders 
along ducts. These findings demonstrate that the 
induction of anti-MUCl immunity represents an effective 
strategy for the treatment of MUCl-positive human tumors. 

20 Other Embodiments 

It is to be understood that while the invention 
has been described in conjunction with the detailed 
description thereof, the foregoing description is 
intended to illustrate and not limit the scope of the 

25 invention, which is defined by the scope of the appended 
claims. Other aspects, advantages, and modifications are 
within the scope of the following claims. 
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What is claimed is: 

1. A composition for stimulating an immune 

system, 

said composition comprising a plurality of cells at least 
5 half of which are fused cells, each of which fused cells 
is generated by fusion between at least one mammalian 
dendritic cell and at least one mammalian non-dendritic 
cell that expresses a cell-surface antigen, wherein at 
least half of the fused cells express, in an amount 
10 effective to stimulate an immune system, (a) a MHC class 
II molecule, (b) B7, and (c) the cell-surface antigen. 

2. The composition of claim 1, wherein the 
mammalian non-dendritic cell is a cancer cell. 

3. The composition of claim 1, wherein the 

15 mammalian dendritic cell and the mammalian non-dendritic 
cell are obtained from the same individual. 

4. The composition of claim 3, wherein the 
individual is a human. 

5. The composition of claim 4, wherein the cell- 
20 surface antigen is a cancer antigen. 

6. The composition of claim 1, wherein the 
mammalian dendritic cell and the mammalian non-dendritic 
cell are obtained from different individuals of the same 
species . 

25 7. The composition of claim 6, wherein the 

species is Homo sapiens. 
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8. The composition of claim 7, wherein the cell- 
surface antigen is a cancer cell antigen. 

9. A method of producing a fused cell useful for 
stimulating an immune system, comprising: 

5 providing a first fused cell formed by fusion 

between at least one mammalian dendritic cell and at 
least one mammalian non-dendritic cell that expresses a 
cell-surface antigen; and 

fusing the first fused cell with at least one 

0 mammalian dendritic cell to produce a second fused cell 
that is useful for stimulating an immune system. 

10- The method of claim 9, wherein the second 
fused cell expresses (i) a MHC class II molecule, (ii) 
B7 , and (iii) the cell-surface antigen - 

.5 11. The method of claim 9, wherein all of the 

mammalian dendritic cells and the mammalian non-dendritic 
cells are human cells. 

12. The method of claim 11, wherein the cell 
surface antigen is a cancer antigen. 

0 13. A method of producing a fused cell, 

comprising: 

providing a cell sample comprising (i) a first 
plurality of mammalian dendritic cells, and (ii) a 
plurality of mammalian non-dendritic cells expressing a 
25 cell-surface antigen; 

contacting the cell sample with a fusion agent to 
produce a post-fusion population of cells comprising a 
fused cell that is the fusion product of at least one of 
the dendritic cells and at least one of the non-dendritic 
30 cells; 
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incubating the post-fusion population of cells in 
a medium to produce a cultured population of cells 
comprising a cultured fused cell; and 

separating the cultured fused cell from unfused 
5 cells in the cultured population of cells, based on the 
different adherence properties of the cultured fused cell 
and the unfused cells, to produce an isolated fused cell* 

14. The method of claim 13, wherein the medium 
contains hypoxanthine, aminopterin, and thymidine. 

10 15. The method of claim 13, wherein the isolated 

fused cell is useful for stimulating an immune system. 

16. The method of claim 15, wherein the isolated 
fused cell expresses (a) a MHC class II molecule, (b) B7, 
and (c) the cell-surface antigen. 

15 17. The method of claim 13, wherein the mammalian 

dendritic cells are cultured from (i) bone marrow cells, 
or (ii) peripheral blood cells. 

18. The method of claim 17, wherein the time 
between the contacting step and the separating step is 

20 less than 10 days. 

19. The method of claim 13, further comprising 
fusing the isolated fused cell with at least one 
mammalian dendritic cell to produce a secondary fused 
cell, 

25 20. The method of claim 19, wherein the secondary 

fused cell expresses (i) a MHC class II molecule, (ii) 
B7, and (iii) the cell-surface antigen. 
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21. The method of claim 20, wherein all of the 
mammalian dendritic cells and the mammalian non-dendritic 
cells are human cells. 

22. The method of claim 21, wherein the cell 
5 surface antigen is a cancer antigen. 

23. A method of stimulating the immune system in 
an individual, said method comprising administering the 
composition of claim 1 to the individual. 

24. The method of claim 23, wherein the 

10 individual has a condition selected from the group 
consisting of: 

susceptibility to infection with an intracellular 

pathogen; 

infection with an intracellular pathogen; 
15 cancer; and 

predisposition to develop cancer. 

25. A method of stimulating the immune system in 
a human, said method comprising administering the 
composition of claim 4 to the human. 

20 26. The method of claim 25, wherein the mammalian 

dendritic cells are obtained from the human or an 
identical twin of the human. 

27. The method of claim 26, wherein the non- 
dendritic cells are cancer cells obtained from the human. 

25 28. The method of claim 26, wherein the cell- 

surface antigen is a cancer antigen. 
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29. The method of claim 26, wherein the cell 
surface antigen is an antigen derived from a pathogen. 

30. The method of claim 29, wherein the pathogen 
is a virus. 

5 31. The method of claim 28, wherein the cancer 

antigen is MUC1. 

32. The method of claim 31, wherein the 
individual has one of the following conditions or 
predisposition to develop one of the following 
10 conditions: breast cancer, ovarian cancer, pancreatic 
cancer, prostate gland cancer, lung cancer and myeloma. 
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